Summary.
The Parafollicular cells are a group of cells found in the thyroid gland of mammales (Baber, 1876 ; Nonidez, 1932a, b; 1933) . It has been reported in a number of studies that these cells have their origin in the ultimobranchial body which merges into the thyroid gland during the embryonic stage of life (Godwin, 1937 ; Ishikawa, 1965 ; Sato et al., 1966 ; Sugiyama, 1969 Sugiyama, , 1971 Sugiyama et al., 1969 ; Tashiro, 1963 Tashiro, , 1964 .
There are also studies reporting that these parafollicular cells have a function of antagonizing parathormone, a parathyroid gland hormone, and are closely related to the secretion of calcitonin which possesses a hypocalcemic function (Copp et al., 1961; 1962 ; Hirsch et al., 1963 ; 1964) . It has been proved through an immunofluorescent method that this calcitonin is secreted by these parafollicular cells (Pearse, 1966 ; Pearse et al 1967) .
In birds, fishes, reptiles, and amphibians, on the other hand, reports have been made that the ultimobranchial body remains independently in the tyroid gland without merging into it even after the birth (Dudley, 1942 ; Nagy et al., 1966 ; Saxen et al., 1955 ; Sehe, 1960 ; Watzka, 1933) and plays a significant part in the calcium metabolism just as parafollicular cells of mammals (Chan et al., 1969 ; Clark, 1968; Copp et al., 1967 ; Malmquist et al., 1968 ; Robertson, 1968a, b; 1969a, b; Sehe, 1960 ; Watzka, 1933) . The existence of ultimobranchial body independent of thyroid gland in the postnatal stage in lower vertebrates has been recognized and reported in a number of electron microscopic studies (Chan et al., 1969 ; Clark, 1971; Coleman, 1970 ; Khairallah et al., 1971; Malmguist et al., 1968 ; Robertson, 1965 Robertson, , 1968b Robertson, , 1969c Stoeckel et al., 1969 Stoeckel et al., , 1970 Takagi et al., 1977) .
The authors have thus far made studies of the ultimobranchial body of the hamster (Takagi et al., 1974) and the mouse (Sato et al., 1968) , mammals ; and of the crucian carp (Takagi et al., 1977) , a representative of Teleostei.
This time, a light and electron microscopic study has been conducted on fine structures of the sof tshelled turtle, a reptile.
Materials and Methods
Softshelled turtles employed in this study were cultivated ones weighing 600-800 grams.
The samples were taken during the perid from September to November. Of the total of fifteen softshelled turtles, eight were used for light microscopic observations and seven for electron microscopic observations. The chloroformed softshelled turtle was sawed open from the abdaminal region to the cervical region. Then, according to the method described by Clark (1971) , the tissue below the bifurcation of the trachea, obliquely above the thyroid gland, in the area of the thymus was taken out along with the trachea and the oesophagus.
The samples for light microscopic observation were first fixed in 10% neutralized formalin liquid, dehydrated by conventional method, and embedded in paraffin. The staining was carried out through the hematoxylin and eosin staining and the PAS reaction.
The samples for electron microscopic observation were prefixed for one hour at 4°C in the mixture of 2.5% glutaraldehyde and 2.0% paraformaldehyde buffered with phosphate buffer. Then the samples were washed overnight in the phosphate buffer with sucrose additive, postfixed for one hour in 2.0% osmium tetroxide with Millonig's phosphate buffer with glucose additive, dehydrated by conventional method, and embedded in Quetol 651. Sample sections were cut out on Porter-Blum MT-If microtome.
The existence of ultimobranchial body was confirmed through a light microscopic observation of 1 p-thick sections stained in accordance with Sato's method (1973) . Ultra-thin sections were double-stained with uranyl acetate and lead solution (Sato, 1968) and obseved on HITACHI 12A and JEOL 100CX electron microscopes.
Observations
The ultimobranchial body of the softshelled turtle is located in the vicinity of the thyroid gland in front of the heart, often adjacent to the parathyroid gland. Each ultimobranchial body is a mass of tissue measuring 4,000 x 1,300 X 1,300 pm and lies lengthwise from the cranialis to the caudalis. The ultimobranchial body of the softshelled turtle has no capsule, is rich in fibrous connective tissue in the limbus, and has a number of blood vessels appearing to be meshes of capillaries (Figs. 1, 2, 3, 4) . Thick and large arteries and veins, which can be recognized as common carotid artery and internal jugular vein (Fig. 2) , are found close to the ultimobranchial body. In addition, there are a number of adipose tissues and a few thymus glands nearby. Follicles of various dimensions ranging from 30 pm to 180 pm (Figs. 1, 3, 4, 5) and lumens of 1,000-2,000 pm (Figs. 2, 4) can also be seen. The epithelium of these follicles and lumens is either a simple squamous epithelium or simple cuboidal epithelium surrounded by ciliated epithelium. Some of these follicles and lumens have some colloidal substance and particles suggesting cellular debris (Figs. 1, 2, 3, 4, 5) . The colloid shows a positive reaction to eosin and PAS by turning into a reddish color. The follicles are either squamously or irregularly shaped in the limbus and are either circularly or elliptically shaped in the middle. The nucleus of a follicular cell is either elliptically or circularly shaped.
The cells are found in a cordlike arrangement in the central region of the ultimobranchial body.
An electron microscopic observation of the ultimobranchial body of the softshelled turtle has revealed kinds of cells forming follicles : namely, light, dark, and semidark cells (Figs. 6, 7, 8, 9) . Some light cells have only a few mitochondria and granules, while the others are extremely rich in glycogen and mitochondria (Figs. 7, 8, 9) . When a dark cell is compared with a light cell, it is comparatively small and its nucleus and cell body are more irregularly shaped. The nucleus of dark cell occupies a large portion of the cell and leaves very little space for cytoplasm.
But in some cases, a large number of granules are found in this limited portion of cytoplasm (Figs. 6, 7, 8) . Similarly, some semi-dark cells are rich in granules while the others are not (Fig. 7) . The granules found in these cells measure on the average 250 nm to 400 nm. Apart from the cells forming follicles and lumens, there are cells forming clusters in the connective tissue close to the basal border.
Among these cells, there are some possessing rather small granules of 150 nm to 300 nm and some possessing a number of rough-surfaced endoplasmic reticulam.
These cells are semi-dark in the their tone ( Fig. 10) .
Except in the dark cells and the cells forming clusters, the nuclei of the cells are located closer to the basal border and generally have an ovoid shape, though, in some cases, there are some which are irregularly shaped (Figs. 6, 7, 8, 9, 10) .
A rather complexity interdigitation is observed between cells adjacent to each other (Figs. 6, 7, 8, 9) .
Most of the cells facing the lumen are light cells and have microvilli projecting into the lumen (Figs. 8, 9 ). The cytoplasm of cells facing a follicular lumen often appear as if it has been destroyed and its contents having been discharged into the lumen (Fig. 6 ).
With the exception of some light cells which are rich in mitochondria and glycogen, the development of cell organella is rather poor.
It was not possible to confirm in this electron microscopic study the colloidal substance in the follicle which had been observed in the preceding light microscopic study.
Discussion

By introducing
Francescon's (1929) diagram, Khairallah et al (1971) and Clark (1971) describe the location of the turtle's and K . Yamada ultimobranchial body in the following manner : In the left cervical region, several thymus and parathyroid glands are found in a systematic arrangement lengthwise and the ultimobranchial body is located between them.
In the right cervical region, these organs exist in one mass together with thymus and parathyroid glands. Furthermore, Watzka (1933) and Sehe (1960) report that in reptiles and amphibians the ultimobranchial body on the left side is better developed that the one on the right side, and sometimes only the one the left is recognizable.
In the softshelled turtle, both on the left and right sides, the ultimobranchial body is found in one mass together with thymus and parathyroid glands just as what has been described in the case of the right ultimobranchial body of the turtle (Clark, 1971; Francescon, 1929 ; Khairallah et al., 1971) . Thus, it is quite difficult to recognize the ultimobranchial body with the naked eye. However, a light microscopic observation of consecutive sample sections reveals the existence of ultimobranchial body together with the parathyroid gland between the trachea and the oesophagus just in the case of the turtle, the lizard, and the frog (Clark, 1971; Khairallah et al., 1971) .
The ultimobranchial body of the sof tshelled turtle turtle consists of a cluster of cells with no capsules. The area around these cells is abundant in adipose tissue and connective tissue. Part of the connective tissue is even penetrating into the cell cluster.
Capillary vessels are extremely well-developed throughout the connective tissue and this observation agrees with reports on the ultimoranchial body of many other animals.
The observaiton further agrees with other reports (Godwin, 1937 ; Takagi et al., 1974 ; 1977) in that the cell cluster of the ultimobranchial body including the connective tissue is one of simple squamous epithelium, simple cuboidal epithelium, or pseudostratified epithelium forming follicles or large lumens (Eggert, 1938a ; 1938b ; Takagi et al., 1977) .
As for the ultimobranchial body of other animals, there have been a number of studies reporting the results of mostly light microscopic observations. Excellent reports have been made on mammals by Grosser (1910) , Kingsbury (1915) , Godwin (1937) , Sugiyama (1969 ; 1971) , Swartz et al (1964) and Takagi et al (1974) . They report that the ultimobranchial body possesses epithelial cyst, the epithelium of which is either cuboidal or columnar. Findings of cell clusters consisting of polyhedral cells have also been reported. In amphibians, Greil (1905) and Maruer (1906) report that the ultimobranchial body is a complex of cells forming follicles. In birds, Sehe (1965) reports that, in many cases, the ultimobranchial body clusters around the carotid body and forms a carotid body complex. In fishes, reports have been made by Watzka (1933) , Sehe (1960) , Lopez et al (1968) , Oguri (1973), and Takagi et al (1977) that the ultimobranchial body takes the structure of lobule, its cells are in cord-like arrangements, and there are follicles rich in connective tissue and capillary vessels. They also report the existence of colloid, pigment cells, and nerve cells in the follicles.
In reptiles, Eggert (1938a ; b) reports that the ultimobranchial body possesses follicles with colloidal substance, the cells are arrange in serveral rows, and there are pigment cells are capillary vessels.
The classification of ultimobranchial cells varies depending on the kind of animals. The ultimobranchial cells of the newt are classified into two kinds by Stenitz et al (1957) . So are the cells of the chicken by Stoeckel et al (1970) , the shark by Copp (1973) , and elasmobranchs by Kitoh (1970) . Takagi et al (1977) classify the ultimobranchial cells of the crucian carp into three kinds and Robertson (1965) classifies those of the frog into as six kinds.
Observations of cell division have been reported by Watzka (1933 ), Schaefer (1938 , and many othres.
But Kitoh (1970) and Takagi et al (1977) report that they have been unable to observe such a phenomenon.
There have also been a number of reports on the electron microscopic observation of the ultimobranchial body of various animals (Kitoh, 1970 ; Muramoto, 1962 ; Robertson, 1969c ; Stoeckel et al., 1967 ; 1969 ; Takagi et al., 1974 ; 1976) . In attempting to summarize these reports, it is rather difficult to find uniformity in the kinds of cells, shapes of cells and nuclei, and the distribution of mitochondria and rough-surfaced endoplasmic reticulum. However, there seems to be an agreement in all these reports that there are cells with granules and cells with developed Golgi apparatus suggesting an endocrine function.
It is also difficult to find similarities between the ultimobranchial body of the softshelled' turtle and that of the other animals. Nevertheless, the ultimobranchial body of the softshelled turtle is comparable enough with that of the turtle, a reptile, which has been reported by Clark (1971) and Khairallah et al (1971) on the basis of the analysis by Francescon (1929 ), Watzka (1933 ), and Sehe (1960 1965) .
There have also been a number of reports on the cytoplasm. Of these report, it is quite meaningful to summarize the reports by Clark (1971) and Khairallah et al (1971) . Accrding to their reports, the ultimobranchial body follicles of the turtle are composed of pseudostratified epithelial cells surrounding a central, ductiess lumen. The cytoplasm of follicular cells contains granules of 100-1,000 nip and there is only one kind of follicular cells. The lumens have different sizes. Some lumens are empty while the others contain evenly distributed fine substances.
There are granules in follicular cells adjacent to the lumen and on the basal border. The substances in the lumen are reported to be carbohydrates and proteins.
The nucleus is irregularly shaped and is located toward the basal border of a cell. It is enclosed by unit membrane and has one nucleolus.
The cytoplasm contains a number of substances such as roughsurfaced endoplasmic reticulum, Golgi apparatus with secretary granules of 150-250 mp in the vicinity, mitochondria with developed crista or with abundance of intermitochondrial granules, ribosome, well-developed ergastoplasm, vacuoles resembling smooth-surfaced endoplasmic reticulum, microvilli, and osmophilic granules, which have also been reported by Takagi et al (1976 ; 1977) , Robertson (1969c) , and Stoeckel et al (1967) . Based on the above observations, Clark (1968) and Khairallah et al (1971) conclude that the ultimobranchial body of the turtle possesses a secretory function which is similar to that of the lizard and the frog.
Although the present authors agree with the above-mentioned researchers on many points, there are some findings which are unique in this study : It was not possible to observe granules in the cytoplasm of the ultimobranchial body of the softshelled turtle at the level of light microscopy.
Follicles of various sized were found and it seems reasonable to classify them into three kinds : those of 180 rim, 60 pm, and 30 rim. Furthermore, extremely large follicles, probably better expressed as lumens, were also observable. In electron microscopy, it was not possible to observe the homogeneous sub-. stance which, in light microscopy, appeared to be eosinophilic colloid in a follicle. Nevertheless, it seems reasonable to assume that there are cellular debris and colloid in the lumen. It was possible to recognize light, dark, and semi-dark cells in the ultimobranchial body of the sof tshelled turtle as it had been the case in the study of the crucian carp (Takagi et al., 1974) .
But the cells were not arranged in a systematic order as they had been in the crucian carp. Rather, the cells forming the lumen were irregularly arranged.
In spite of some of these differences, the ultimobranchial body of the sof tshelled turtle has many morphological similarities to that of fishes, reptiles, and amphibians ; and can be considered to be a group of cells possessing secretive functions, especially that of secreting calcitonin. 
